Adenovirus-associated enteritis was diagnosed by histopathology of small intestine in a 2-year-old alpaca (Vicugna pacos). Electron microscopy confirmed intracytoplasmic and intranuclear adenoviral particles within enterocytes. Nucleic acid was extracted from paraffin-embedded tissue sections, and a pan-adenovirus nested polymerase chain reaction (PCR) assay was employed to target a partial sequence of the polymerase gene. The PCR product (321 bp) was cloned and sequenced. Comparison of the nucleotide sequence against the National Center for Biotechnology Information (NCBI) nucleotide database demonstrated 68% identity with the isolates Canine adenovirus 1 and Bovine adenovirus 3. Comparison of the predicted amino acid sequence against the NCBI database demonstrated 75% identity with Bovine adenovirus 3. Phylogenetic analysis supported the relatively close relationship of this isolate to Bovine adenovirus 3, but the alpaca isolate was sufficiently distant to be considered a potentially novel adenovirus for this species.
The family Adenoviridae contains 5 genera (Mastadenovirus, Aviadenovirus, Atadenovirus, Siadenovirus, and Ichtadenovirus), which compose adenoviruses isolated from animals and human beings. 1 Mastadenovirus infection is common in mammalian animals but in most cases clinical disease appears only if predisposing factors, such as adverse management problems, overcrowding, transportation, and intercurrent bacterial infections, are present. There are only a small number of reports of adenovirus infections in New World camelids (NWCs), 3, [5] [6] 10 but no isolates have yet been formally recognized. 1 The current report describes a potentially novel mastadenovirus infection in an alpaca (Vicugna pacos).
A 2-year-old female lactating alpaca was presented for necropsy. The clinical history indicated that it had developed diarrhea and pyrexia 2 weeks previously and had been treated with antibiotics and nonsteroidal anti-inflammatory drugs; specific details of these treatments and clinical progression over the 2-week period were not provided. It had been the only animal affected in a herd of 50 alpacas of mixed ages. At necropsy, it was in poor body condition and weighed 45 kg (normal reference weight: 55-90 kg). 2 Significant gross findings included submandibular edema and a circular 12 mm in diameter ulcer in the third compartment (C3) of the stomach. Despite the clinical history of diarrhea, fecal pellets of normal consistency were present in the rectum.
Samples of stomach, small and large intestines, kidney, and liver were prepared for histopathology. The C3 gastric ulcer showed extensive necrosis, hemorrhage, and thrombosis extending through the mucosa into the underlying deeper tunics, associated with active septate fungal invasion and more superficial bacterial colonization. The small intestine featured prominent lymphocytic-plasmacytic infiltrates throughout the mucosa, including villus cores. Large numbers of variably sized amphophilic intranuclear inclusions were present within villus enterocytes ( Fig. 1 ) associated with active epithelial exfoliation and necrosis. Crypt epithelium was variably hyperplastic and attenuated with accumulation of cell debris within gland lumina. Hyperplastic mucoid colitis, with mixed inflammatory cell infiltrates of the mucosa and submucosa, was present but without intranuclear epithelial inclusions. Mild protein-losing nephropathy and mild multifocal hepatic necrosis with thrombosis were also observed.
Electron microscopic examination of small intestine identified small groups of intracytoplasmic and larger intranuclear paracrystalline arrays of electron-dense icosahedral viral particles of 70-90 nm in diameter. The particles were located in enterocytes and were morphologically typical of 452109V DIXXX10.1177/1040638712452109Adeno virus-associated enteritis in an alpacaTwomey et al. 2012 From the Animal Health and Veterinary Laboratories Agency (AHVLA), Starcross Regional Laboratory, Devon, United Kingdom (Twomey), AHVLA, Weybridge Virology Department, Surrey, United Kingdom (Grierson, Martelli), and AHVLA, Lasswade International Research Centre, Midlothian, United Kingdom (Higgins, Jeffrey). 1 adenoviruses ( Fig. 2) . Similar viral particles were also identified by electron microscopic examination of a sample of small intestinal contents. Nucleic acid was extracted from paraffin-embedded tissue sections of the small intestine. 4 A pan-adenovirus nested polymerase chain reaction (PCR) assay was employed to target a partial sequence of the polymerase gene. 9 The PCR product (321 bp) was visualized by ethidium bromide gel electrophoresis and recovered from the agarose gel. The PCR product was purified using a commercial kit a and cloned using the topoisomerase I, Taq-amplified cloning kit, b performed according to manufacturers' instructions. Plasmid DNA was extracted using a commercial kit, a and EcoR1 c restriction enzyme digestion was performed to demonstrate the presence of PCR product within the plasmid vector, with visualization by ethidium bromide gel electrophoresis. Plasmid DNA from 3 clones containing the PCR product insert were recovered from agarose gels, purified, and used as templates in direct dye-termination sequence reactions. d The nucleotide sequence (272 nt) of the 3 clones shared 100% sequence identity and was deposited in GenBank (http://www.ncbi.nlm.nih.gov/genbank/) under accession no. FJ711592. Comparison of this sequence against the National Center for Biotechnology Information (NCBI) nucleotide database demonstrated 68% identity with the isolates Canine adenovirus 1 (CAdV-1) and Bovine adenovirus 3 (BAdV-3). Comparison of the predicted amino acid sequence against the NCBI database demonstrated 75% identity with BAdV-3 (AF030154). Phylogenetic analysis of the predicted amino acid sequence supported the relatively close relationship of this isolate to BAdV-3 ( Fig. 3 ), but the alpaca isolate was sufficiently distant to be considered a potentially novel adenovirus for this species.
The major diagnostic findings consisted of adenovirusassociated enteritis and ulcerative mycotic gastritis, both of which appeared to have a similar time scale. The relative contribution of these 2 conditions to the alpaca's demise is unclear but it is likely that they acted synergistically. The mild kidney and liver lesions were most likely terminal events associated with toxemia and disseminated intravascular coagulation. Adenovirus infections are rarely reported in NWCs, and might therefore be assumed to have little clinical significance. 3, [5] [6] 10 By contrast, gastric ulceration is a common finding. 7 However, this higher recorded prevalence of gastric ulceration might simply reflect the fact that gastric lesions are easily observed grossly at necropsy without recourse to specialist laboratory testing.
Adenovirus infection, as determined by the presence of viral inclusions, was limited to the small intestine of the alpaca described herein. Electron microscopy and PCR assay were used as confirmatory tests. Immunohistochemistry was not used on this occasion but has been described for other adenoviruses and could potentially associate infection with pathological lesions in NWCs. 8 Enteric involvement has previously been reported in NWCs; adenovirus was isolated from 5 llamas and 1 alpaca with diarrhea. 5 In one case, severe necrotizing enterocolitis was associated with numerous intranuclear inclusion bodies in the intestinal epithelial cells. Adenovirus has also been associated with necrotizing bronchointerstitial pneumonia and hepatocellular necrosis in llamas, 3 secondary to immunodeficiency. 5 In the alpaca described in this current report, immunosuppression potentially occurred as a feature of chronic debilitation, manifested by weight loss and subcutaneous edema, and possibly explains the concurrent pathological findings of gastric ulceration with adenovirus-associated enteritis. Gastric ulceration often occurs with another disease condition, suggesting that the stress of concurrent disease is a predisposing factor in NWCs. 7 Opportunistic mycotic infection may well have been triggered by recent antibiotic therapy.
There is serological evidence of adenovirus infection in NWCs kept in North America, South America, and Europe. A seroprevalence of 93% was demonstrated in 270 llamas on 21 premises in Oregon. 5 By contrast, only 20 out of 390 llamas (5%) were seropositive from 9 Argentinean farms. 6 A low seroprevalence was also demonstrated in a zoological collection in Turkey: only 1 out of 7 llamas (14%) were seropositive. 10 The difference in seroprevalence between these studies might be explained by the different viral isolates on which the serological tests were based: an isolate that originated from NWCs 5 possibly produced a test of higher sensitivity than those based on bovine adenoviruses. 6, 10 Two antigenic species of adenovirus have previously been isolated from NWCs, which differed from bovine, ovine, or equine adenoviruses. 5 The present case provides further evidence that NWCs can be infected with their own species of adenovirus, as the isolate was phylogenetically distinct from other adenoviruses within the genus Mastadenovirus on the basis of the predicted amino acid sequence of the partial fragment of the polymerase gene that was examined. These observations are not entirely surprising, given that adenoviruses are mostly specific to, and possibly coevolved with, their hosts. 1 Further characterization of isolates from NWCs is required to confirm a new hostspecific adenovirus species. Further study is also required to determine the epidemiological and pathological significance of these viruses.
